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Description 

[0001) The present invention relates to the isolation 
of nucleic acid, especially DNA, and in particular to a 
method for preparing nucleic acid samples for subse- 
quent use in amplification procedures. 
[0002] Techniques for the amplification of nucleic ac- 
ids have recently revolutionised molecular biology and 
are now established as an indispensable tool in many 
procedures, for example in the detection and diagnosis 
of genetic and infectious diseases, in forensic medicine, 
in the identification of new genes or allelic variations or 
mutations, and in aiding routine genetic manipulations 
e.g. sequencing. 

[0003] However, whilst new and Improved amplifica- 
tion procedures are continually being developed, there 
are in certain cases particular drawbacks which limit the 
utility of the technique. Thus for example, DNA-based 
diagnostic techniques relying on DNA amplification, e. 
g. by the polymerise chain reaction (PCR), to detect the 
presence of microbial genes have proved useful in de- 
tecting bacterial and viral infectious agents and patho- 
genes and are rapidly acquiring importance. Neverthe- 
less, in view of certain problems the techniques are not 
suitable for all diagnostic uses. One major problem is 
that amplification techniques such as PCR cannot be 
used directly on clinical samples, notably faeces or 
blood, which contain substances which inhibit the am- 
plification enzymes, e.g. polymerases. The presence of 
red blood cells or haemoglobin presents a particular 
problem, and these generally need to be removed. A 
similar problem applies In the case of detecting micro- 
bial contamination in food samples, which also often 
contain inhibitory substances. 
[0004] For successful amplification , the sample either 
has to be diluted very many times or the DMA has to be 
isolated and purified from the sample. In the former 
case, dilution to a degree sufficient to permit amplifica- 
tion frequently entails an unacceptable loss of sensitiv- 
ity, tn the latter case, nucleic acid purification tech- 
niques, involving for example extraction with phenols, 
chloroform and alcohols are often tedious, complicated 
and time consuming and may lead to loss of sample 
DNA, which can be a problem if the sample is small. 
[0005] PCR has also proved difficult to apply to sam- 
ples which are old, which have been chemically treated 
(for example by fixing or embedding) or which are oth- 
erwise distressed. This significantly impairs the utility of 
the technique in for example the analysis of fixed archi- 
val material or of blood and tissue samples which are 
not fresh or which have not been stored under refriger- 
ation. Fixation techniques now generally used do not 
permit ready release of DNA suitable forthe subsequent 
amplification using conventional techniques, and whilst 
improved, less damaging, fixation techniques are being 
developed, the situation is not entirely satisfactory. 
Complicated treatment procedures, e.g. deparaff in Na- 
tion of paraffin-embedded material, proteinase diges- 



tion etc are-generally required and in many cases am- 
plification cannot be achieved at all. This applies also in 
the case of aged or non-refrigerated samples. 
[0006] EP 0393744 describes a method of extracting, 

5 amplifying and detecting a nucleic acid from whole blood 
or a peripheral blood mononuclear cell (PBMC) fraction 
thereof. Extraction from the PBMC fraction is accom- 
plished by heating the fraction at or near the boiling point 
of water for a few minutes and then recovering the ex- 

10 tracted nucleic acid. Whole blood can likewise be heat- 
ed after it is mixed with a salt solution containing a 
polysaccharide, such as dextran. The extracted nucleic 
acid Is then recovered from the heated mixture. EP 
0389063 describes a process for isolating nucleic acid 

m from a nucleic acld-contalnlng starting material such as 
whole blood, blood serum, urine, faeces, and ceil cul- 
tures. This method is characterized by mixing the start- 
ing material with a chaotropic substance and a nucleic 
acid binding solid phase. The solid phase with the nu- 

20 cleic acid bound is then separated from the liquid. The 
soiid phase-nucleic acid complexes obtained are 
washed and if required the nucleic acid can be efuted 
from said complexes. 

[0007] There exists a need for an improved method 

25 for preparing nucleic acid for use in amplification proce- 
dures, which is quick and simple to perform and which 
may be used on aged, non-refrigerated, fixed or other- 
wise treated or distressed samples. The present inven- 
tion addresses this need. 

30 [0008] We have now found that nucleic acid may be 
isolated from a sample in a form directly suitable for am- 
plification by a simple and easy to perform procedure 
which involves boiling or heating the sample to a high 
temperature and allowing ft to cool, and depositing the 

35 nucleic acid onto a solid support. This procedure avoids 
many of the , complicated and time-consuming treat- 
ment steps of the prior art and, more importantly, can 
successfully be directly applied to clinical and other 
blood-containing samples and to samples which are 

40 aged, non-refrigerated or fixed, where previous tech- 
niques have proved unsuccessful. More particularly, the 
invention is based on the surprising discovery that when 
a sample Is treated in this manner, nucleic acid released 
is able to condense around the support, thereby allow- 

45 ing it to be separated from the sample, whilst at the same 
time, retaining the ability to act as a template in a sub- 
sequent amplification reaction. 
[0009] According to one aspect, the present invention 
thus provides a method for isolating nucleic acid from a 

50 fixed or aged sample, said method comprising boiling 
said sample or heating said sample to a high tempera- 
ture so as to release nucleic acid, and allowing it to cool, 
and binding the nucleic acid onto a high-surface area 
solid support. 

55 [0010] A further aspect of the present Invention pro- 
vides a method for isolating nucleic acid from a sample, 
said method comprising boiling said sample or heating 
said sample to a high temperature so as to release nu- 
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cleic acid and allowing it to cool, and binding the nucleic 
acid onto a high-surface area solid support comprising 
magnetic particles. 

[001 1 ) As mentioned above, this method has particu- 
lar utility in the preparation of nucleic acid samples for 
amplification procedures since the resulting condensed 
nucleic acid samples can be used directly as the tem- 
plate for amplification without requiring prior removal 
from the support. 

[0012] The nucleic acid may be DNA, RNA or any 
modification thereof. Preferably however the nucleic ac- 
id will be DNA, which may be genomic or cDNA, and 
single or double stranded. Where the method is used to 
prepare nucleic acid for amplification, it will preferably 
be double-stranded genomic DNA. 
[001 3] The sample may be any sample containing nu- 
cleic acid, but preferably will be a clinical sample such 
as a blood, blood-derived, faeces or tissue sample or a 
sample which is aged or treated. Treated samples in- 
clude those which have been fixed, for example in for- 
malin, acetone, alcohols, or any known or proprietary 
fixative e.g. Omnifix, or embedded, for example in par- 
affin wax or artificial or natural resins. Aged samples in- 
cludes any sample which has not been freshly taken, or 
immediately refrigerated. Such aged or treated samples 
thus include any source of nucleic acid, plant or animal. 
In addition to archival material, which may be very many 
years old e.g. over one hundred years, or more prefer- 
ably over 50 or 20 years old, such samples therefore 
Include samples of any biological tissue or fluid (e.g. 
biood, plasma, serum, organ or other tissue biopsies) 
which have not immediately been refrigerated or proc- 
essed, e.g. clinical samples taken in remote areas which 
need to be transported and/or stored sometimes over a 
period of days, weeks or months, before they can be 
processed or analyzed. 

[001 4] This represents an important advantage of the 
present invention, as in the past it has proved extremely 
difficult, if not impossible, to perform PGR or other am- 
plifications on clinical samples, e.g. blood or biopsies 
which have had to be transported, for example by post, 
to a reference laboratory for analysis. Thus, advanta- 
geously, the present invention may be used when med- 
ical studies are conducted in remote regions of the 
world, where specialised equipment and personnel are 
lacking, and where samples require fixation and/or stor- 
age for extended periods of time before analysis. Par- 
ticularly advantageously, the need for refrigeration may 
be avoided which Is of significant benefit where samples 
need to be transported, e.g. by post. 
[0015] Other samples on which the invention has 
been shown to work successfully in preparing nucleic 
add for amplification where previous methods have 
failed, include hair roots and cells of thecheeklining, ob- 
tained by mouthwashes, scrapings, etc. The method of 
the invention has been shown to work particularly fa- 
vourably on samples which contain fragmented nucleic 
acid. "Boiling" as used herein, includes heating of the 



sample to high temperature, e.g. to at least 80°C, more 
preferably at least 85 or 90°C. 
[0016] The duration and temperature used in the boil- 
ing/heating step is to some extent dependent on the na- 
5 ture and state of the nucleic acid containing sample. 
Chemically treated, e.g. formalin treated, or aged sam- 
ples generally require and can withstand more aggre- 
stve treatment than fresh cell suspensions. In general, 
the boiling/heating stage will conveniently be effected 
10 for 10 seconds to 1 hour, or more if convenient, for ex- 
ample 30 seconds to 30 minutes, or more particularly 3 
to 15 minutes. Thus, for example, for most samples 
treatment at 94°C for 1 0 minutes will normally allow suf- 
ficient nucleic acid isolation to permit effective amplifi- 
es cation. 

[0017] The support may be present with the sample 
during the heat treatment or it may be introduced sub- 
sequently, even days or hours after the sample has been 
allowed to cool. For fresh cell suspensions it will gener- 
ic ally be convenient to introduce the support before, dur- 
ing or shortly after the boiling/heating stage; however 
for samples where quantities of detritus separate out as 
a result of the boiling/heating stage it will generally be 
preferred to introduce the support after such detritus has 

23 been removed. Thus for samples such as paraffin-em- 
bedded tissue, boiling/heating produces an in homoge- 
neous mixture containing tissue and wax fragments. It 
is preferred to separate off the nucleic acid containing 
liquid phase from these mixtures, e.g. by decanting or 

30 pipetting, after boiling/heating and optionally after cool- 
ing and then to introduce that liquid phase to the support 
to allow the nucleic acid condensation to occur. 
[001 8] The nucleic acid condensation (and preferably 
also the boiling/heating and cooling steps) in the method 

35 of the invention is preferably carried out in a high-salt 
aqueous solution (e.g. having an osmolality equivalent 
to that of at least 1 M NaCI aqueous solution). 
[0019] Where condensation is effected by contacting 
the support with an already boiled/heated and cooled 

40 nucleic acid containing aqueous sample, such contact 
is preferably made for a period of some minutes, e.g. 1 
to 60, especially 10 to 20 minutes to allow the conden- 
sation, i.e. the binding of the nucleic acid to the support, 
to occur to an adequate extent. 

45 [0020] The high-surface area support may be any 
known or conventional solid support presenting a high 
surface area for condensation of the nucleic acid. Such 
supports will generally have an irregular surface, and 
may for example be porous or particulate eg. particles, 

so fibres, webs, sinters, or sieves. Condensation of the nu- 
cleic acid may take place on or around the support, or 
in It, if it has a porous structure for example. Examples 
of suitable solid supports Include microtitre wells, capil- 
laries, fibres, filters and dipsticks, although particular 

55 supports are generally preferred, especially beads, as 
they, with their captured, "condensed" nucleic acid, may 
readily be used directly in a subsequent amplification 
step without any need to detach the condensed nucleic 
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acid from the support. 

[0021] Conveniently, a particulate solid support used 
according to the invention will comprise spherical 
beads. The size of the beads is not critical, but they may 
for example be of the order of diameter of at least 1 and 
preferably at least 2 |im, and have a maximum diameter 
of preferably not more than 10 and more preferably not 
more than 6 urn Beads of diameter 2.8 pm and 4.8 urn 
have been shown to work well. 
[0022] Monodisperse particles, that Is those which are 
substantially uniform in size (e.g. size having a diameter 
standard deviation of less than 5% have the advantage 
that they provide very uniform reproducibility of reaction. 
Monodisperse polymer particles produced by the tech- 
nique described in US-A-4336173 are especially suita- 
ble. 

[0023] Non-magnetic polymer beads suitable for use 
in the method of the invention are available from Dyno 
Particles AS (Ullestrenn, Norway) as well as from Qla- 
gen, Pharmacia and Serotec. 
[0024] However, magnetic particles are particularly 
preferred as a solid support according to the invention, 
as they lend a number of advantages, Most notably, 
magnetic aggregation provides a quick, simple and ef- 
ficient way of separating the particles following the con- 
densation step, and is a far less rigorous method than 
traditional techniques such as centrtfugation which gen- 
erate shear forces which degrade nucleic acids. 
[0025] Magnetic particles suitable for use as supports 
in the method of the invention are available from Dynal, 
Advanced Magnetics Inc., Biotechnologies Ltd., Amer- 
sham, Promega, Sclgen, Advanced Genetic Technolo- 
gies and Seradyn. 

[0026] Especially preferred are superparamagnetic 
particles, for example those described by Sintef in 
WO-A-83/03920, as magnetic aggregation and clump- 
ing of the particles during reaction can be avoided, thus 
ensuring uniform and nucleic acid abstraction. 
[0027] The well-known magnetic particles sold by Dy- 
nal AS (Oslo, Norway) as DYNABEADS, are particularly 
suited to use In the present invention. Particular mention 
may be made of Dynabeads® M-450 and M-280. 
[0028] It may be noted that the method of the inven- 
tion works well despite previous studies using such 
magnetic particles having shown that non-specific bind- 
ing of DNA and/or RNA to such surfaces is very low. 
[0029] To Improve the selectivity and performance of 
the technique, especially where only minute quantities 
of a sample are available, oligonucleotide probes spe- 
cific for particular genes or nucleotide sequences may 
additionally be used, optionally together with stringent 
washing. Thus a specific probe may be introduced into 
the sample, binding to a specific target sequence. To 
facilitate isolation of the target nucleic acid from the 
sample, the solid support may be provided with means 
for capture of the probe. Generally, this will be accom- 
plished by providing each of the probe and the support 
with one of a pair of corresponding affinity binding part- 



ners, such that the probe and the support may be bound 
together selectively, and if desired, reversibly. Most con- 
veniently the affinity binding partner will comprise biotin 
and avidin/streptavidin, the biotin being bound to the 
5 probe and the avidin/streptavidin to the support. Both 
biotln-labelled oligonucleotide probes and streptavidin- 
coated magnetic particles are commercially available 
(Dynal AS). 

[0030] Other binding partner systems may however 

10 be used, for example DNA-blnding proteins binding to 
specific regions of the oligonucleotide probe e.g. the lac 
repressor protein Lac I binding to a lac operator (LacOP) 
site which may be provided on the probe. Alternatively, 
the oligonucleotide probe may be labelled with a hapten 

*5 such as dlgoxlgenln, and the support may be provided 
with an anti-hapten antibody. Techniques for labelling ol- 
igonucleotides with haptens such as digoxigenin are 
well known in the art as are methods for attachment of 
antibodies to solid supports. 

20 [0031] Such a system is especially suited to the prep- 
aration of samples containing specific target nucleic ac- 
id sequences of interest, for amplification reactions. In 
particular we have shown that where prior art methods 
based upon isolation of target DMA for PGR by the use 

25 of specific biotin-labelled probes bound to streptavldin- 
coated magnetic beads have failed, e.g. In the case of 
blood containing samples, or aged orfixed samples, the 
method of the present invention has worked success- 
fully. 

30 [0032] According to a further aspect, the present In- 
vention thus provides a method of preparing a nucleic 
acid sample for In vitro amplification, said method com- 
prising, sequentially or simultaneously, contacting said 
sample with an oligonucleotide probe specific for a tar- 

35 get nucleotide sequence within said sample, and isolat- 
ing nucleic acid from said sample by a method described 
above, wherein each of the oligonucleotide probe and 
solid support is provided with one of a pair of affinity 
binding partners, whereby the probe, and hence the tar- 

40 get nucleotide sequence is bound to the support. 
[0033] Alternatively viewed, this aspect of the inven- 
tion provides a method of amplification of nucleic acid 
within a sample, said method comprising the steps of 

(a) sequentially or simultaneously, contacting said sam- 
45 pie with an oligonucleotide probe specific for a target 

nucleotide sequence within said sample, and isolating 
nucleic acid from said sample by a method described 
above, wherein each of the oligonucleotide probe and 
solid support is provided with ope of a pair of affinity 
so binding partners, whereby the probe, and hence the tar- 
get nucleotide sequence is bound to the support, and 

(b) subjecting nucleic acid isolated by step (a) to an in 
vitro amplification reaction. 

[0034] Conveniently, the sample may be allowed to 
55 cool In the presence of a solid support, whereby the nu- 
cleic acid condenses on or In the support. 
[0035] Generally, as mentioned above the affinity 
binding partner pair will comprise blotin/streptavidin. 
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This binding partner system is commonly used in mo- 
lecular biology applications and many methods of incor- 
porating or attaching biotin and streptavidin to the probe/ 
support respectively, are known. Thus for example bi- 
otin may be incorporated by and streptavidin may be 
coated onto the support as discussed by Dynal AS in 
their Technical handbook, molecular biology". The 
length of the oligonucleotide probe is not critical but may 
conveniently lie in the range of 10-200 nucleotides, 
mora preferably 15-50 nucleotides. 
[0036] In the case where the solid support is in the 
form of particles, the functionalisation of the particles 
and subsequent attachment of probes is conveniently 
such that each particle carries 1 0 3 -! 0 6 probes or probe 
binding sites. 

[0037] A number of in vitro amplification techniques 
have been developed and may be used according to the 
present invention. PCR and its modifications, e.g. the 
use of nested primers, will however generally be the 
principal technique to be used. 
[0038] In classical PCR, two primers are required and 
these may either be specific to a target DNA sequence 
of Interest, or one or two standard PCR primers. This 
may necessitate Introducing a hybridisation site for a 
standard PCR primer according to techniques well 
known in the art e.g. by restriction and ligation. 
[0039] Nested PCR involves the use of two further so- 
called "inner" primers, which hybridise or "nest" be- 
tween the first "outer" primer pair in a second series of 
amplification cycles. The use of four separate priming 
events results in Increased specificity of the amplifica- 
tion reaction. 

[0040] The nested primer technique has further been 
modified in the DIANA (Detection of immobilised Ampli- 
fied Nucleic Acids) system (see Wahlberg et al ., Mol. 
Cell Probes 4: 285(1990)), In which the Inner, second 
pair of primers carry, respectively, means for immobili- 
sation to permit capture of amplified DNA, and a label 
or means for attachment of a label to permit recognition. 
This provides the dual advantages of a reduced back- 
ground signal, and a rapid and easy means for detection 
of the amplified DNA. 

[0041] Other amplification techniques worthy of men- 
tion Include Self -sustained Sequence Replication 
(SSR), the Q-beta repltcase amplification system and 
the Ugase Amplification Reaction (LAR). 
[0042] In SSR, primers are used which cany polymer- 
ase binding sites permitting the action of reverse tran- 
scriptase to amplify target RNA or ssDNA. 
[0043] In the Q-beta repllcase system, an immobilized 
probe captures one strand of target DNA and Is then 
caused to hybridise with an RNA probe which carries as 
a template region a tertiary structure known as MDV-1 
for an RNA-directed RNA polymerase, normally Q-beta 
repllcase. 

[0044] LAR hybridises two oligonucleotide probes to 
adjacent positions on the target nucleic acid so that li- 
gation, e.g. using T4 ligase, produces a longer se- 



quence, which after strand separation, can function as 
a template for further hybridisations and ligations. 
[0045] In the methods of the invention, the order in 
which the various steps are performed is not critical and 

5 variations and modification are possible. For example, 
the solid support may be added to the sample prior to 
boiling/heating, or after the boiling/heating step. The 
primers/probes required for amplification may likewise 
be added prior to the boiling step, immediately after boil- 
to ing/heating, or after the cooling condensation step. 

[0046] The use of magnetic particles as solid supports 
particularly facilitates the washing and separation steps 
and has a significant advantage in that all the reactions, 
including amplification, may be performed in one reac- 
ts tion vessel, thereby considerably simplifying the reac- 
tion process and avoiding loss of nucleic acid fragments 
adhering to the vessel walls. 
[0047] Boiling/heating of the sample may take place 
in any known or conventional medium known in the art 
20 for manipulation of nucleic acids. Thus for example 
many typical buffers e.g. washing buffers, are known 
and can be used. Generally the use of high salt (e.g. 
1-4M) aqueous media Is preferred. Exemplary buffers 
include Tris-buffered saline solutions, and Dynal ASs 
25 Binding and Washing buffer (1 0 mM Tris-HCI, 1 mM ED- 
TA, 2.0M NaCI pH 7.5) is particularly suitable. Simitar 
buffers may be used for any intermediate washing steps 
which may be required. It has been found favourable to 
include salt, e.g. 1 to 4 M NaCI, preferably 2M NaCI, in 
30 the boiling medium. 

[0048] Incubation times for boiling/heating may vary 
between 10 seconds and several hours, more conven- 
iently between 1 and 15 minutes. Thus for example, fa- 
vourable results have been achieved by heating sam- 

6 pies to a temperature of 80 to 1 00°C for a period of 1 0 
minutes, or in some cases, 3 to 5 minutes. 

[0049] Cooling may take place simply by allowing the 
sample to stand at ambient temperature, for example 
for a period of 3 to 20 minutes. 

40 [0050] In the case where specific oligonucleotide 
probes are used, it may be possible to control to some 
degree the degree of nucleic add fragmentation and the 
level of nucleic acid denaturization and condensation 
and hence the degree of specificity, by reducing the du- 

& ration anoYor temperature of the boiling/heating step. 
[0051] The methods of the Invention has been found 
to work successfully with sample volumes of 0.1 u,L to 
1 00 mL Generally small sample volumes of 1 to 1 00 ul, 
e.g. 10 to 20 u.L are preferred. In the case where parti- 

so cles are used as solid support, amounts of 1 to 500 |ig 
preferably 20 to 200 jig may conveniently be used. 
[0052] The ability of the method of the invention to be 
performed with such small sample quantities is of par- 
ticular benefit as the quantity of sample available is often 

55 very limited, e.g. with needle biopsy and forensic sam- 
ples or where it is important to keep the sample for fur- 
ther study. 

[0053] Where an oligonucleotide probe is used to en- 
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hance specificity, amounts of 0.1 pmol to 50 pmol, e.g. 
1 to 5 pmol may be used. 

[0054] The components required to perform the meth- 
od of the invention may conveniently be supplied in the 
form of kits, and such kits form a further aspect of the * 
invention. In a preferred embodiment such a kit would 
generally comprise the reagents needed to identify par- 
ticular gene segments from any given sample type, and 
particular examples of such kits would be for selective 
amplification of ras or HLA genes or their mutations, e. to 
g. K-ras and Its 12/13 codon point mutations. Typically 
such kits will include magnetic beads for nucleic acid 
condensation; aqueous medium, e.g. buffered saline, 
for the heat treatment step ; 5' and 3* end primers, nucleic 
acid polymerase and restriction enzymes for PCR am- « 
plification and, if desired RFLP assay; and, optionally, 
oligonucleotide probes conjugated or conjugate to the 
beads (e.g. biotinylated probes which are conjugate to 
streptavidin coated beads) which hybridize to some or 
all of the gene sequence or to adjacent sequences. 20 
[0055] As mentioned above, the method of the inven- 
tion has a number of uses and applications. These in- 
clude for example the detection of pathogens, diseases 
and allelic variations. Clinical samples may be screened 
for epidemiological information. A major proposed use » 
is in the analysis of clinical samples taken at remote lo- 
cations which are transported to reference laboratories; 
blood samples may for example be directly posted with- 
out refrigeration once nucleic acid condensation and 
plasma and cellf ragment purging has taken place. Thus 30 
the samples may be treated on site by the simple boiling 
step to condense the nucleic acid on to a solid support 
prior to flushing off sample other remnants and subse- 
quent transport. 

[0056] The technique also has utility In forensic med- 35 
iclne, and in all disciplines where sample or specimen 
storage is required e.g. in zoology, botany, conservation 
and evolutionary biology, the study of biological diversity 
or ecological processes. 

[0057] The invention will now be described by the fol- 40 
lowing non-limiting Examples, with reference to the 
drawings in which: 

Figure 1 shows 

^ 45 

(a) the results of gel electrophoresis following 
restriction fragment length polymorphism 
(RPLP) analysis of the PCR products of Exam- 
ple 1: 

50 

Lanel: Marker DNA. 

Lane 2: PCR from magnetic isolated DNA 

from small amount of fixed tumour 

tissue. 

Lane 3: PCR from 5 uJ of liquid from boiled & 
sample 

Lane 4: PCR from 1 jig of mutated control 
DNA (positive control). 
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Lane 5: PCR without DNA (negative con- 
trol); 

(b) gel electrophoresis showing the results of 
solid phase sequencing of the mutated PCR 
product (ras gene mutation) (Lane 2 of Figure 
1 (a)) mutation indicated by arrow; 

Figure 2 shows 

(a) the results of gel electrophoresis following 
restriction fragment length polymorphism 
(RFLP) analysis of the PCR products of Exam- 



pie 2: 




Lane 1 : 


Marker DNA. 


Lane 2: 


PCR from magnetic isolated DNA 




from blood sample. 


Lane 3: 


PCR from 5 \i\ of liquid from boiled 




sample. 


Lane 4: 


PCR from 1 \ig of control DNA (pos- 




itive control). 


Lane 5: 


PCR without DNA (negative 




control) ; 



(b) gel electrophoresis showing the results of 
solid phase sequencing of the mutated PCR 
product (HLA-DQB gene sequence) (Lane 2 of 
Figure 2(a)). 



Example 1 

Identification of K-ras mutation from pancreatic cancer 

[0058] Two 5jim thick slides are cut from the paraffin 
block from a formalin-fixed paraffin-embedded needle- 
biopsy from a pancreatic cancer and added to 400^L of 
Binding & Washing buffer (1 0 mM Tris-HCI, pH 7.5, 1mM 
EDTA, 2.0 M NaCI) containing 3 pmol of a biotinylated 
oligonucleotide (e.g. 5'-B-ACTGA ATATA AACTT GT- 
GGT AGTTG GACCT-3') complimentary to the 5'-end 
of the K-ras gene segment. 

[0059] The tubes are incubated at 94°C for 5 minutes 

and the contents mixed twice on a vortex-mlxer for 20 

seconds during this incubation. 

[0060] When the tubes have been cooled to ambient 

temperature In a thermal cycler for about 3 minutes, the 

liquid phase Is pipetted off and mixed with 20 u.g of 

streptavidin coated paramagnetic beads (Dynabeads® 

M-280 streptavidin, Dynal, Norway). 

[0061] The mixture Is left at ambient temperature for 

15 minutes. 

[0062] The beads are isolated by magnetic separation 
(Dynal MPCfc-E, Dynal, Norway), and added as tem- 
plate to a K-ras specific PCR reaction-mix (e.g. using 
the 5* and 3' end primers 5'-ACTGA ATATA AACTT GT- 
GGT AGTTG GACCT-3' and 5*-TCAAA GAATG GTCCT 
GGAAC-3', andTaq DNA polymerase) 5>tL of the boiled 
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liquid, collected before the beads are added, Is used as 
template in a parallel control procedure. 
[0063] Three serial PCR's with two Intermediate de- 
structions of non-mutated alleles by a specific endonu- 
clease (e.g. Bst Nl) are performed. 
[0064] For RFLP analysis the amplification products 
are digested, e.g. with Bst Nl and analysed using gel 
electrophoresis, Results are shown in Figure 1a. A de- 
tectable amplification product (lane 2) is obtained from 
the PCR where beads carrying DNA served as template, 
but not when the bead free boiled liquid is used (lane 3). 
[0065] The FCR-product is identified as mutated by 
RFLP, and the nucleotide sequence was determined by 
solid-phase sequencing (Figure 1b indicating the pres- 
ence of a point mutation In codon 12. 
[0066] Conventional PCR amplification of and RFLP 
assays for ras oncogenes have been discussed In sev- 
eral publications and the primers and enzymes conven- 
tionally used may be used In the method of the Invention. 
Such publications include Kahn et al. Amplifications 4: 
22-26 (1990), Chen et al. Anal. Biochem. 195:51-56 
(1991 ), Kahn et al. Oncogene 6:1 079-1 083 (1 991 ), Hali- 
assos et al. Nucleic Acids Research 17:3606 (1 989) and 
Kumar etal. Oncogene 3:647-651 (1988). 

Example 2 

HLA-tvping of an old blood sample 

[0067] 1 0jil of EDTA-blood, stored at ambient temper- 
ature for 7 days, was added to 200 uJ of Binding & Wash- 
ing buffer (10 mM Trls-HCl, pH 7.5,m 1mM EDTA, 2.0 
M NaCI) mixed with 20>g of paramagnetic beads (Dyna- 
beadsft M-450, Dynal, Norway). A parallel control sam- 
ple was prepared without beads. 
[0068] The tubes were then Incubated at 94°C for 1 0 
minutes and cooled to ambient temperature. 
[0069] The beads were Isolated by magnetic separa- 
tion (Dynal MPO&-E, Dynal, Norway), and added to a 
HLA-DQB specific PCR reaction-mix (e.g. using the 5' 
and 3' end primers DQ-AMP A: 5'-GCATG TGCTA CT- 
TCA CCAAC G-Blotln 3* and DQ-AMP B:5*-CAGGT 
AGTTG TGTCT GCACA C-3\ and Taq DNA polymer- 
ase). 5uJ of the sample solution prepared without beads, 
was used as template in a parallel control procedure. 
[0070] A 30 cycle PCR was performed. 
[0071] For RFLP analysis the amplification products 
were analysed using gel electrophoresis. The results 
are shown In Figure 2a. 

[0072] A detectable amplification product (column 2) 
was obtained from the PCR where beads carrying DNA 
served as template, but not when the bead free boiled 
liquid was used (column 3). 

[0073] The nucleotide sequence was determined by 
solid-phase sequencing (Figure 2b). 
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General Method Steps 

[0074] For use In nucleic acid fragment amplification, 
the method of the invention may thus conveniently be 
5 effected using the following steps: 

Stepl: 

Nucleic acid release from sample by boiling/heat- 
ing, in the presence (Example 2) or absence (Ex- 
io ample 1) of solid support and in the presence (Ex- 
ample 1) or absence (Example 2) of an oligonucle- 
otide probe. 
Step 2: 

Nucleic acid binding to solid support. 

is 

a) Cooling in the presence of solid support (Ex- 
ample 2). 

b) Adding solid support to the cooled liquid (Ex- 
ample 1). 

20 

Step 3: 

Isolation of solid support with bound nucleic acid (e. 
g. magnetic separation). 
Step 4: 

25 Solid support with bound nucleic acid used as tem- 
plate in a subsequent amplification reaction. 



Claims 

30 

1 . A method for isolating nucleic acid from a fixed or 
aged sample, said method comprising boiling said 
sample or heating said sample to a high tempera- 
ture so as to release nucleic acid, and allowing it to 

35 cool, and binding the nucleic acid onto a high-sur- 
face area solid support. 

2. A method for Isolating nucleic acid from a sample, 
said method comprising boiling said sample or 

<o heating said sample to a high temperature so as to 
release nucleic acid and allowing it to cool, and 
binding the nucleic acid onto a high-surface area 
solid support comprising magnetic particles. 

45 3. A method as claimed in claim 1 or 2 wherein the 
sample is boiled. 

4. A method as claimed in any one of claims 1 to 3 
wherein the nucleic acid is DNA. 

50 

5. A method as claimed in any one of daims 1 to 4 
wherein the sample is a clinical sample. 

6. A method as claimed in any one of claims 1 to 5, 
55 wherein the sample Is fixed. 

7. A method as claimed in any one of claims 1 to 6, 
wherein the sample is aged. 
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8. A method as claimed in any one of claims 1 to 7, 
wherein the boiling/heating step is effected by heat- 
ing the sample to at least 80°C. 

9. A method as claimed in claim 8, wherein the sample 
Is heated for 10 seconds to 1 hour. 

10. A method as claimed in any one of claims 1 to 9, 
wherein the support is added to the sample prior to 
or during the boiling/heating step. 

11. A method as claimed in any one of claims 1 to 9, 
wherein the support is added to the sample after the 
boiling/heating step. 

12. A method as claimed in any one of claims 1 to 11 , 
wherein the boiling/heating and/or cooling and/or 
condensation steps are carried in a high salt aque- 
ous solution. 

13. A method as claimed In any one of claims 1 to 12, 
wherein the solid support is particulate. 

14. A method as claimed in any one of claims 1 to 13, 
wherein the solid support comprises magnetic par- 
tides. 

15. A method as claimed in any one of claims 1 to 14, 
further comprising adding an oligonucleotide probe 
specific for target nucleic acid to the sample, and 
providing the support with means for capture of the 
probe. 



PatentansprOche 

1. Verfahren zur Isolierung von Nucleinsaure aus ei- 
ner fixlerten Oder gealterten Probe, wobel das Ver- 
fahren das Kochen der Probe Oder das Erhitzen der 
Probe auf eine hohe Temperatur zwecks Freiset- 
zung von Nucleinsaure sowie das Abkuhlenlassen 
und das Binden der Nucleinsaure an einen festen 
Tracer mil groBem Oberflachenbereich umfasst. 

2. Verfahren zur Isolierung von Nucleinsaure aus ei- 
ner Probe, wobei das Verfahren das Kochen der 
Probe Oder das Erhitzen der Probe auf eine hohe 
Temperatur zwecks Freisetzung von Nucleinsaure 
sowie das Abkuhlenlassen und das Binden der Nu- 
cleinsaure an einen magnetische Partikel enthal- 
tenden, festen Tracer mit groBem Oberflachenbe- 
reich umfasst 



20 3. Verfahren wie im Anspruch 1 Oder 2 beansprucht, 
wobei die Probe gekocht wird. 

4. Verfahren wle in einem der Anspruche 1 bis 3 be- 
ansprucht, wobei die Nucleinsaure DNA ist. 



5. Verfahren wle in einem der Anspruche 1 bis 4 be- 
ansprucht, wobel die Probe eine kllnlsche Probe ist. 

6. Verfahren wie in einem der Anspruche 1 bis 5 be- 
ansprucht, wobei die Probe fixiert ist. 

7. Verfahren wie in einem der Anspruche 1 bis 6 be- 
ansprucht, wobei die Probe gealtert ist. 
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16. A method of preparing a nucleic acid sample for in 
vitro amplification, said method comprising, se- 
quentially or simultaneously, contacting said sam- 
ple with an oligonucleotide probe specific for a tar- 
get nucleotide sequence within said sample, and 
isolating nucleic acid from said sample by a method 
according to any one of claims 1 to 1 4, wherein each 
of the oligonucleotide probe and solid support is 
provided with one of a pair of affinity binding part- 
ners, whereby the probe, and hence the target nu- 
cleotide sequence is bound to the support. 

17. A method of amplification of nucleic acid within a 
sample, said method comprising the steps of (a) se- 
quentially or simultaneously, contacting said sam- 
ple with an oligonucleotide probe specific for a tar- 
get nucleotide sequence within said sample, and 
isolating nucleic acid from said sample by a method 
accordln g to any one of claims 1 to 1 4, wherein each 
of the oligonucleotide probe and solid support is 
provided with one of a pair of affinity binding part- 
ners, whereby the probe, and hence the target nu- 
cleotide sequence is bound to the support, and (b) 
subjecting nucleic acid isolated by step (a) to an in 
vitro amplification reaction. 



35 8. Verfahren wie in einem der Anspruche 1 bis 7 be- 
ansprucht, wobei der Schritt des Kochens/Erhit- 
zens durch Erhitzen der Probe auf mindestens 
80°C bewirkt wird. 

40 9. Verfahren wie im Anspruch 8 beansprucht, wobel 
die Probe 10 Sekunden bis 1 Stunde lang erhitzt 
wird. 

10. Verfahren wie In einem der Ansprflche 1 bis 9 be- 
45 ansprucht, wobei der Trdger vor oder wahrend des 

Schritts des Kochens/Erhitzens zur Probe hinzuge- 
fOgtwIrd. 

11. Verfahren wie in einem der AnsprQche 1 bis 9 be- 
so ansprucht, wobei der Trfiger nach dem Schritt des 

Kochens/Erhitzens zur Probe hinzugefflgt wird. 

12. Verfahren wie in einem der Anspruche 1 bis 11 be- 
ansprucht, wobel die Schrftte des Kochens/Erhit- 

55 zens und/oder Abkuhlens und/oder der Kondensa- 
tlon In einer hoch salzigen wSssrigen Losung aus- 
gefilhrtwerden. 
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laisser refroidir, et k lier I'acide nucleique sur un 
support solide de grande surface specifique com- 
prenant des particules magnetiques. 

5 3. Methode suivant la revendication 1 ou 2, dans la- 
quelle I'echantillon est porte k ('ebullition. 

4. Methode sulvant Tune quelconque des revendica- 
tions 1 k 3, dans laquelle facide nucleique est un 

10 ADN. 

5. Methode suivant I'une quelconque des revendica- 
tlons 1 k 4, dans laquelle I'echantillon est un echan- 
tillon clinique. 

13 

6. Methode suivant Tune quelconque des revendica- 
tions 1 k 5, dans laquelle I'echantillon est fixe. 

7. Methode suivant Tune quelconque des revendica- 

6 tions 1 k 6, dans laquelle I'echantillon est vieilli. 

8. Methode survant I'une quelconque des revendica- 
tions 1 k 7, dans laquelle retape d'ebullition/chauf- 
fage est conduite par chauffage de I'echantillon k 

25 une temperature d'au moins 80° C. 

9. Methode suivant la revendication 8, dans laquelle 
I'echantillon est chauffe pendant 10 secondes k 1 
heure. 

30 



15 

13. Verfahren wie in einem der Anspruche 1 bis 12 be- 
ansprucht, wobel der teste Trfiger teilchenfdrmig 
ist. 

14. Verfahren wie in einem der Anspruche 1 bis 13 be- 
ansprucht, wobel der teste Trdger magnetische 
Partikel umfasst. 

15. Verfahren wie in einem der Anspruche 1 bis 14 be- 
ansprucht, welters umtassend das Hinzufflgen ei- 
ner fur Zielnucleinsaure spezifischen Oligonucleo- 
tidsonde zur Probe und das Versehen des Tragers 
mit Mitteln zum Einfangen der Sonde. 

16. Verfahren zur Herstellung einer Nuclelnsfiureprobe 
fur in vitro- Amplrfikatlon, wobei dieses Verfahren 
der Reihe nach oder gleichzeltig das In-Kontakt- 
Bringen der Probe mit einer fur eine Zielnucleotid- 
sequenz in dieser Probe spezifischen Oligonucleo- 
tidsonde und das Isolteren von Nucleins&ure aus 
der Probe durch ein Verfahren gemdft einem der 
Anspruche 1 bis 1 4 umfasst, wobei die Oligonucteo- 
tidsonde und der feste Trfiger Jewells mit einem von 
einem Paar Affinitatsbindungspartner versehen 
werden, wodurch die Sonde und daher die Zlelnu- 
cleotidsequenz an den TrSger gebunden wird. 

17. Verfahren zur Amplication von Nucleins&ure in ei- 
ner Probe, wobei dieses Verfahren die Schritte des 
(a) der Reihe nach erfolgenden oder glelchzeltigen 
In-Kontakt-Bringens der Probe mit einer fur eine Zi- 
elnucleotidsequenz in dieser Probe spezifischen 
Oligonucleotidsonde und des Isolierens von Nu- 
cleinsiure aus der Probe durch ein Verfahren ge- 
m§B einem der AnsprOche 1 bis 1 4 umfasst, wobei 
die Oligonucleotidsonde und der feste Trfiger je- 
weils mit einem von einem Paar Affinitatsbindungs- 
partner versehen werden , wodurch die Sonde und 
daher die Zielnucleotidsequenz an den TnSger ge- 
bunden wird, sowie (b) des Aussetzens der durch 
Schritt (a) isollerten Nudeinsfiure einer in vitro- Am - 
pltflkationsreaktlon. 



Revendications 

1. Methode cfisolement d'aclde nucteique d'un echan- 
tillon fix^ ou vieilli, methode qui consiste k faire 
bouillir rechantillon concern^ ou k le chauffer k une 
haute temperature de maniere k Iib6rer I'acide nu- 
cleique, et k le laisser refroidir, et a. lier I'acide nu- 
cleique sur un support solide k grande surface sp6- 
cifique. 

2. Methode d'isolement d'aclde nucleique d'un echan- 
tillon, methode qui consiste k faire bouillir I'echan- 
tillon concerne ou k le chauffer k une haute tempe- 
rature de maniere k Iib6rer i'acide nucleique et k le 



10. Methode suivant I'une quelconque des revendica- 
tions 1 k 9, dans laquelle le support est ajoute k 
rechantillon avant ou pendant retape cf6builition/ 
chauffage. I'echantillon , et k isoler i'acide nucleique 

33 de I'echantillon par une methode suivant I'une quel- 
conque des revendications 1614, dans laquelle la 
sonde oligonucieotidique et le support solide sont 
pourvus chacun de Pun de deux partenaires de 
liaison d'affinfte constituent une paire, de maniere 

40 que la sonde et, par consequent, la sequence nu- 
cieotidique cible soient liees au support, et (b) k 
soumettre i'acide nucleique Isold dans retape (a) a 
une reaction d'amplif ication in vitro . 

45 n. Methode survant I'une quelconque des revendica- 
tions 1 k 9, dans laquelle le support est ajoute k 
rechantillon apres I'etape d'ebullition/chauffage. 

12. Methode suivant rune quelconque des revendica- 
so tions 1 k 11, dans laquelle les etapes d'ebuiiition/ 
chauffage et/ou de refroidissement et/ou de con- 
densation sont conduites dans une solution aqueu- 
se k haute teneur en sel. 

55 13. Methode survant I'une quelconque des revendica- 
tions 1 k 12, dans laquelle le support solide est en 
particules. 
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14. M6thode suivant I'une quelconque des revendica- 
tions 16 13, dans laquelle le support solide com- 
prend des particules magnetiques. 

15. M 6th ode suivant Tune quelconque des revendica- 
tlons 1 a 14, qui consiste en outre a ajouter a 
I'echantillon une sonde oligonucleotidique specifi- 
que de I'acide nucleique cible et a pourvoir le sup- 
port de moyen de capture de la sonde. 

16. Methods de preparation cTun echantillon d'acide 
nucleique en vue de Camplif Icatlon In vitro , methode 
qui consiste a falre entrer I'echantillon en contact, 
successivement ou simultanement, avec une son- 
de oligonucleotidique specifique d'une sequence 
nucleotldique cible au sein de I'echantillon, et a iso- 
ter Pacide nucleique de cet echantillon par une me- 
thode suivant rune quelconque des revendications 
1 a 4, dans laquefie la sonde oligonucleotidique et 
le support solide sont pourvus chacun de Tun de 
deux partenalres de liaison d'affinite constituant 
une paire, de maniere a tier au support la sonde et, 
par consequent, la sequence nucleotldique cible. 

17. Methode d'ampliflcation d'acide nucldique dans un 23 
echantillon, methode comprenant les etapes qui 
consistent (a) a faire entrer i'echantillon successi- 
vement ou simultanement en contact avec une son- 
de oligonucleotidique specifique d'une sequence 
nucleotldique cible au sein de Pechantillon, et a Iso- 30 
ler I'acide nucleique de I'echantillon par une metho- 
de suivant Tune quelconque des revendications 1 a 
14, dans laquelle la sonde oligonucleotidique et le 
support solide sont pourvus chacun de run de deux 
partenalres de liaison d'affinite constituant une pai- 35 
re, de maniere que la sonde et, par consequent, la 
sequence nuc!6otidique cible soient iiees au sup- 
port, et (b) a soumettre I'acide nucleique Isoie dans 
I'etape (a) a une reaction d'ampliflcation in vitro . 

40 
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FIG. 1a 



FIG. 1b 
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FIG. 2b 
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